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Aim: Can useful lengths of vein be retrieved from varicose vein stripping procedures; is it necessary to sterilise this 
tissue prior to use as vein allografts? 
Method: Stripped long saphenous vein was retrieved at operation. Vein samples were cultured using direct plate 
inoculation and enrichment culture. Further samples were immersed in two low concentration antibiotic solutions and 
recultured. Smooth muscle viability was assessed after antibiotic immersion and storage by cryopreservation. 
Results: High quality vein could be retrieved by vein stripping. Vein segments grew skin commensals on enrichment 
culture despite negative cultures with standard media plate inoculation (Chi-squared=53.34 1 d.f. p<O.O01). Low 
concentration antibiotic solutions terilised processed vein. 
Smooth muscle cell viability was reduced by cryopreservation, Mann-Whitney p=O.O08 (control 98% s.f. 0.93 vs. 
cryopreserved 64% s.~. 6.58), but prior exposure to antibiotics did not compound this effect. 
Conclusion: Useful lengths of vein grafts can be retrieved from varicose vein stripping procedures. Venous segments 
are frequently contaminated by skin commensals. Enrichment culture is required to detect contamination. Low concentration 
antibiotics terilise venous tissue without affecting smooth muscle ceil viability. 
Key Words: Varicose vein surgery; Venous allografts; Antibiotic sterilisation; Smooth muscle ceil viability. 
Introduction 
There has been recent renewed interest in the use of 
venous allografts in both peripheral vascular 1'2 and 
vascular access urgery. 3 Historically, venous allografts 
used in coronary artery or peripheral vascular surgery 
exhibit moderate long-term patency and a tendency 
for late aneurysmal degeneration. 4 Better results have 
been reported in haemodialysis access. 3'5 Most venous 
allografts used in vascular access have been produced 
using concentrated antibiotic solutions prior to storage 
by crude freezing techniques. 5-9 The resulting allograft 
is sterile but with few viable cells and is of low 
antigenicity. Antibiotic immersion reduces both endo- 
thelial and fibroblast viability in canine and porcine 
models. ~°-I2 It is possible that the results of venous 
allografts may be improved if smooth muscle cells 
and fibroblasts are preserved. There is an assumption 
in the literature that venous tissue needs to be sterilised 
* Please address all correspondence to: A. C. Ruddle, Department 
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with high dose antibiotics prior to long-term storage. 
Some workers report hat surgically retrieved veins are 
sterile and allografts could be used without antibiotic 
sterilisation. 13If veins retrieved at varicose vein op- 
erations are sterile it would be possible to avoid the 
adverse effects on vein viability caused by antibiotic 
immersion. The aim of this study was to assess the 
sterility of vein retrieved by stripping during varicose 
vein surgery. In addition we compared the effects 
of two low concentration antibiotic solutions, on the 
sterility and smooth muscle cell viability of stripped 
venous tissue. 
Materials and Method 
Patient selection 
Patients undergoing elective saphenofemoral ligation 
and stripping of the long saphenous vein (LSV) were 
included. Patients undergoing surgery for recurrent var- 
icose veins or patients with leg ulcers were excluded. 
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No participants had taken antibiotics in the month pre- 
vious to surgery. This study was approved by the local 
Medical Research Ethics committee (reference 66/96). 
Operative technique 
Prior to surgery, all operative sites were painted with 
alcoholic Chlorhexidine skin preparation. The skin 
prep was allowed to dry thoroughly prior to surgery. 
Following saphenofemoral disconnection a vein strip- 
per was passed down the LSV from the groin to the 
upper calf and the vein stripped. 
Microbiological culture 
Assessment of contamination was performed by two 
culture methods: standard media plate inoculation 
(direct culture) and Robertson's cooked meat en- 
richment medium (enrichment culture). Immediately 
after stripping, vein samples were placed in sterile 
universal containers containing 0.9% w/v  saline. Vein 
samples were swabbed and the swab was used to 
inoculate aerobic, anaerobic and fungal media. Plates 
were incubated for 1, 3 or 10 days (Table 1). After 
swabbing, the vein sample itself was placed in Rob- 
ertson's cooked meat enrichment medium. The Rob- 
ertson's medium was sub-cultured after 4 days and 
the plates were then incubated for 1-7 days. 
Microbiological reporting 
Culture results were reported as direct culture positive 
(DC +) if media plates inoculated from the vein swab 
showed any growth. Subcultures from the Robertson's 
cooked meat culture medium were reported as en- 
richment culture positive (EC +) if any growth occurred. 
Table 1. Media plates and incubation conditions. 





Cystine lactose lectrolyte 
deficient 
Blood agar plate anaerobic 
Fastidious anaerobe agar 
Sabouraud agar 
Robertson's cooked meat 
Metronidazole discs 5 gg 
(MZD disc) 
CO2 at 37°C for 48h 
02 at 37 °C for 48 h 
CO2 at 37°C for 48h 
02 at 37 °C for 48 h 
NO2 at 37 °C for 72 h + MZD disc 
NO2 at 37 °C for 72 h + MZD disc 
02 at 29 °C for 7 days 
CO2 at 37°C for 4 days 
Vein processing and sterilisation 
Eleven veins retrieved by stripping were cultured prior 
to processing for use as a potential allograft. Vein 
processing included: surgical repair of tears, ligation 
of tributaries, visual and endoscopic inspection, and 
static pressure testing. The length of retrieved vein 
suitable for use as venous grafts was measured. Al l  
processes were conducted under sterile operating 
theatre conditions. Following processing, a section of 
vein was removed for culture prior to paired sections 
of vein being immersed in two antibiotic solutions. 
Solution A consisted of modified Hank's solution 
containing penicillin (50 units/ml) and streptomycin 
(50 gg/ml). 
Solution B consisted of modified Hank's solution 
containing imipenem (12 gg/ml). The paired vein 
samples were immersed in two antibiotic solutions at 
room temperature for 12 h followed by continuous 
irrigation with sterile saline solution to remove re- 
sidual traces of antibiotics. A sample from each anti- 
biotic treated vein was placed in a sterile universal 
container and immediately submitted for direct and 
enrichment microbiological culture. 
Antibiotic immersion and smooth muscle cell viability 
Six veins were opened along their length after etrieval 
and divided into 10 1-cm sections. One section was 
immediately fixed in 10% buffered formal saline. The 
remaining sections were immersed in either modified 
Hank's solution or antibiotic solution A or B. Vein 
sections were removed from the three solutions at 6, 
12, and 24 h and fixed in 10% buffered formal saline. 
The fixed vein sections were paraffin wax embedded 
and serial 5 gm transverse sections were mounted on 
3-aminopropyl triethoxy silane coated slides. Smooth 
muscle cell viability was assessed by in situ end label- 
ling (ISEL) of fragmented DNA. 
In situ end labelling (ISEL) of fragmented DNA 
Fragmented DNA was detected using ISEL to deter- 
mine the number of dying smooth muscle cells. 
Deparaffinised and rehydrated vein slides were 
permeabilised with 5 gg/ml proteinase K. The slides 
were incubated in reaction buffer containing 0.01 mM 
dATP, 0.01mM dCTP, 0.01mM dGTP and biotin - 
16-dUTP, 8U/ml DNA polymerase 1 (Klenow) large 
fragment, 50 mM Tris - HC1 pH 7.2, 10 raM, MgSO4, 
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0.1 mM DTT. Endogenous peroxidase activity was in- 
hibited by 2% hydrogen peroxide. Slides were then 
incubated in Extravidin TM horseradish peroxidase di- 
luted 1:200 in 10% foetal bovine serum (FBS) in phos- 
phate buffered saline (PBS). Sections were developed 
with 0.5% 3,3-diaminobenzidine, 0.03% (v/v) hy- 
drogen peroxide in PBS and then counterstained with 
haemotoxylin. This process stains cells containing 
damaged DNA brown, undamaged cells are coloured 
blue and can easily be distinguished from labelled 
cells by light microscopy. Control slides where either 
the Klenow fragment was omitted or the Extravidin TM 
horseradish peroxidase was substituted with 10% FBS 
in PBS were included. The number of unlabelled and 
total smooth muscle cells/0.25 mm 2 were counted in 
three independent areas in the medical layer of the 
vein using a calibrated microscopic eyepiece graticule. 
Results were expressed a's % live cells. 
Antibiotic immersion and subsequent cryopreservation 
effects on cellular viability 
Sections of six veins were immersed in either Hank's 
solution or in antibiotic solutions A and B at room 
temperature for 24h. The vein sections were sub- 
sequently cryopreserved for 48 h, thawed and placed in 
organ culture for 24 h. The period of organ culture was 
introduced to allow cells damaged by cryopreservation 
to undergo necrosis prior to cell viability assessment. 
Cryopreservation 
Following 24 h immersion in Hank's solution or anti- 
biotic solution A or B vein samples were cryo- 
preserved. Samples were placed in 5% (v/v) dimethyl 
sulphoxide (DMSO) in modified Hank's solution at 
4 °C for 10 min prior to packaging in nylon sachets 
containing 20ml 10% (v/v) DMSO. Batches of five 
nylon sachets were tri-laminate sealed in an aluminium 
foil pouch. Foil pouches were cooled in a programmable 
rate controlled freezer (Planer Kryo 10-16) at 1 °C/min 
to -100 °C and then transferred to the gas phase of a 
liquid nitrogen refrigerator (approximately -140 °C). 
Following an interval of 48 h the vein samples were 
removed and allowed to warm to -80  °C in air. (This 
was to avoid cracking which has been observed in 
cardiac valves and in arteries rapidly warmed from 
low temperatures.) Individual nylon sachets were then 
rapidly warmed in a 37°C water bath. The DMSO 
was sequentially diluted from the specimens through 
decreasing concentrations of DMSO in modified Hank's 
solution (5%, 2.5%, 1.25% DMSO for 3 min each). Finally 
the specimens were placed in Hartman's olution prior 
to vein culture for 24 h at 37 °C in sodium bicarbonate- 
buffered RPMI 1640 tissue culture medium sup- 
plemented with L-glutamine and 30% (v/v) FBS. The 
specimens were then fixed in 10% formal buffered saline 
prior to assessment of smooth muscle cell viability by 
in situ end labelling. 
Statistical analysis 
Data was analysed by McNemar Chi-squared and 
Mann-Whitney tests. Statistical significance was ac- 
cepted when p<0.05. 
Results 
Vein graft retrieval from varicose vein 
stripping procedures 
The mean useable vein graft retrieved per limb 
stripped was 20 cm (n =42 s.]~. = 1.4 cm) and mean dia- 
meter 6.9 mm (s.•. = 0.28 ram). All accepted graft sec- 
tions withstood static pressure testing to 300 mmHg 
without showing evidence of aneurysmal dilation. 
Incidence of microbial contamination i stripped vein 
In total, 42 veins were studied from 36 patients. Only 
one vein studied demonstrated bacterial growth with 
direct culture. Enrichment culture of the same 42 veins 
yielded a higher rate of positive cultures, 34 of the 
42 samples (Chi-squared=52.38 1 d.f. p<0.001). The 
organisms cultured were primarily skin commensals 
(Table 2). Eight veins returned sterile cultures, all 
fungal cultures were negative. 
Effectiveness ofantibiotic solutions A and B for 
sterilising stripped veins 
Of the 11 veins processed, all grew organisms on 
enrichment culture and were negative on direct 
Table 2. Species of organisms isolated oil enrichment culture. 
Coagulase negative Staphylococci 27 
Diphtheroids 7 
N on haemolytic Streotococci 1 
Enterococci 2 
Staphylococcus aureus 1 
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F H24 P24 I24 
Fig. 1. Mean % live ceils and standard error bars for vein samples 
after 24 h immersion i Hank's (H24) penicillin/streptomycin (P24) 
and imipenem (124) and of fresh untreated vein controls (F). 
culture. Following 12 h immersion in the antibiotic 
solutions all veins in the penicillin and streptomycin 
solution were sterile to direct and enrichment 
culture (McNemar ~2= 11 1 D.F. p<0.001, penicill in+ 
streptomycin vs. no antibiotic). 
In the sections of veins immersed in imipenem 10/ 
11 veins were sterile on enrichment and direct culture. 
One vein grew coagulase negative Staphylococcus on 
enrichment culture (McNemar Z2=10 p<0.01, im- 
ipenem vs. no antibiotic). 
The effect of antibiotic type and duration of immersion 
on smooth muscle cell viability 
There were no differences at the 5% level of significance 
in the percentage live smooth muscle cells between 
fresh untreated samples of vein 99% s.~. 1.03 and 
samples immersed in Hank's solution 98% s.E. 2.28, 
penicillin (50 units/ml)/streptomycin (50 txg/ml) 99% 
s.E. 1.21 or imipenem (12 btg/ml) 96% S.E. 5.85 for 24 h. 
Mann-Whitney U-test; Fig. 1. 
The effect of antibiotic immersion and cryopreservation 
on smooth muscle cell viability 
Cryopreservation reduced the mean percentage live 
cells 64% s.E. 6.53 compared to controls 98% s.E. 0.93 
(p<0.008), but the reduction was not exacerbated by 
prior exposure to either antibiotic solution before cryo- 
preservation penicil l in/streptomycin 78% s.E. 4.84 or 
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Fig. 2. Mean % live cells and standard error bars for vein samples 
immersed in Hank's (HC) penicillin/streptomycin (PC) and im- 
ipenem (IC) for 24 h and cryopreserved compared tofresh untreated 
vein controls (F). 
Discussion 
This study demonstrates that useful lengths of long 
saphenous can be retrieved from varicose vein strip- 
ping procedures. This vein is frequently contaminated 
by bacteria. The commonest organisms cultured were 
the skin commensals uch as coagulase negative 
Staphylococcus (CNS) and Diptheroids. The difference 
in the number of positive bacterial cultures reported 
by direct and enrichment culture techniques demon- 
strates that media plate inoculation alone is an in- 
sensitive method of recovering organisms from small 
inocula in tissue samples. Enrichment medium provide 
the optimum method of isolating anaerobic and aer- 
obic bacteria from small inocula. 14-16 This has been 
highlighted in studies of vascular graft infections, 
where Staphylococcus epidermidis were only detected by 
broth enrichment culture. 17 Grinding of tissue samples 
together with the use of broth culture further improves 
the culture sensitivity, is 
Skin commensals are commonly implicated in vas- 
cular graft infections 17'19 and vascular access pro- 
cedures. 2°Graft infections by such organisms typically 
present late and are thought to be caused by con- 
tamination of the graft at implantation. Vascular grafts 
need to be sterile at implantation if graft sepsis is to 
be avoided. This is of particular significance in patients 
who are immunocompromised by renal failure. 
Davies et al. ~3 reported that LSV surgically excised 
during cardiac bypass procedures is sterile. In our 
study 86% LSV were shown to be contaminated after 
stripping procedures. The differing results may be 
explained by differing culture techniques, or method 
of retrieval (i.e. surgical excision vs. surgical stripping 
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of the LSV). We have found if stripped LSV is to be 
used for vascular access procedure it will be necessary 
to sterilise the graft material prior to implantation. 
Previously, LSV allografts produced from stripped 
varicose veins were sterilised by prolonged immersion in 
concentrated antibiotic solutions. Antibiotic immersion 
both sterilises the vein and is thought o reduce cellular 
viability. 3'6'9'21 Veins produced by antibiotic immersion 
and crude freezing techniques are only weakly antigenic 5 
but display a tendency for aneurysm formation. It is 
unknown whether aneurysm formation is a result of 
rejection or a consequence of degeneration i  a de- 
vitalised graft. It is our aim to sterilise venous allografts 
and preserve smooth muscle cell viability to reduce the 
incidence of aneurysmal degeneration. 
The use of low concentrations of antibiotics and 
cryopreservation has been demonstrated to have no 
significant effect on the viability of canine venous 
endothelium. II Our experiments used a similar anti- 
biotic regime and studied the effect on human smooth 
muscle cell viability. Low dose penicillin and strep- 
tomycin, or low dose imipenem are both effective in 
sterilising stripped LSV and maintain smooth muscle 
cell viability. Cryopreservation reduced smooth 
muscle cell viability, but the use of antibiotic solutions 
did not potentiate this effect. Antibiotic sterilisation can 
therefore be combined with current cryopreservation 
techniques for the long-term storage of vein. 
This study demonstrates that the processing of 
venous tissue for the production of sterile venous 
allografts can be achieved under theatre conditions 
without the cost and inconvenience incurred by ultra- 
violet laminar flow cabinets. Sterilisation can be 
achieved by low concentration antibiotic solutions 
without affecting smooth muscle cell viability. 
Conclusion 
This study demonstrates that stripped LSV is fre- 
quently contaminated by skin commensals. Simple 
immersion in low dose antibiotic solutions effectively 
sterilises retrieved vein. Cryopreservation of venous 
tissue reduces the numbers of viable cells within the 
vein, the addition of low dose antibiotic solutions does 
not increase the freezing injury. Surgeons considering 
using venous tissue retrieved by stripping should use 
sterilised vein to minimise the risk of infection in 
allograft recipients. 
Acknowledgements 
A. C. Ruddle is supported by the National kidney research fund 
grant number R42/2/94 and Southmead Hospital research fund. 
S. George is supported by the Garfield Weston Trust. We thank Dr 
Dhili Arul for her constant support and encouragement. 
References 
1 CALLOW AD. Arterialhomografts. EurJVascEndovascSurg1996; 
12: 272-281. 
2 FAGGIOLI G, RICOTTA JJ. Cryopreserved vein homografts for 
arterial reconstruction. Eur J Vasc Surg 1994; 8: 661-669. 
3 HEINTJES RJ, EIKELBOOM BC, STEIJLING JJF, VAN REEDT DORTLAND 
RWH, VAN DER HEIJDEN FHWM, BASTINI et al. The results of 
denatured homologous vein grafts as conduits for secondary 
haemodialysis access urgery. Eur J Vasc Endovasc Surg 1995; 9: 
58-63. 
4 VAN REEDT DORTLAND RWH, VAN LEEUWEN MS, STEIJLING JJF, 
THEODORIDES T, VAN VROONHOVEN TJMV. Long-term results 
with vein homograft in femorodistal rterial reconstructions. Eur 
J Vasc Surg 1991; 5: 557-564. 
5 BARALDI A, MANETI A, DIFELICE A, GROSLI M, FURGI L, LEONELLI 
M, MANCA Vet  al. Absence of rejection in cryopreserved sa- 
phenous vein allografts for hemodialysis. Trans Am Soc Artif 
Intern Organ 1989; XXXV: 196-199. 
6 BONNAUD PH, MESSIER D, MAN NK. Manufactured homologous 
vein graft for creation of arterio-venous fi tula. Proc EDTA 1980; 
17: 303-305. 
7 PlCCONE VA, JS, AHMED N, LEVEEN HH, DIScALA V. Preserved 
saphenous vein allografts for vascular access. Surg Gyn Obs 1978; 
147: 385-390. 
8 MAY J, HARRIS J, FLETCHER J. Long-term results of saphenous 
vein graft arteriovenous fi tulas. Am J Surg 1980; 140: 387-390. 
9 SIEGAL B. Freeze-preserved veins in access operations for hem- 
odialysis. Dialysis and Transplantation 1987; 16: 617-621. 
10 Hu J-E GIMER L, HOPKINS R, WOFINBAGGER LJ. Effects of anti- 
biotics on cellular viability in porcine heart valve tissue. Cardio- 
vascular Research 1989; 23: 960-964. 
11 SCHMEHL MK, BANK HL, BROCKBANK KGM. Effects of antibiotics 
on the endothelium offresh and cryopreserved canine saphenous 
veins. Cryobiology 1993; 30: 164-171. 
12 GIRINATH MR, GAVIN JB, STRICKETT MG, BARRATT-BOYES BG. 
The effects of antibiotics and storage on the viability and ultra- 
structure of fibroblasts in canine heart valves prepared for graft- 
ing. Aust NZ J Surg 1974; 44: 170-172. 
13 DAVIES AH, PARAMUS DV. Storage of donor long saphenous 
vein. J Cardiovasc Surg 1992; 133: 92-97. 
14 BARR JG. A cooked meat blood culture medium; shelfqife and 
clinical evaluation compared with other systems. Journal of In- 
fection 1980; 2: 247-258. 
15 COLLEE JG, DUERDEN BI, BROWN R. Recovery of anaerobic bac- 
teria from small inocula: a model for blood culture studies. 
Journal of Clinical Pathology 1977; 30: 609-614. 
16 GANGULI LA, TORTON LJ, TILLOTSON GS. Evaluation of fastidious 
anaerobe broth as a blood culture medium. J Clin Path 1982; 35: 
458-461. 
17 BANYK DF, BERNI GA, THEILE BL, TOWNE JB. Aortofemoral graft 
infection due to Staphylococcus epidermidis. Arch Surg 1984; 
119: 102-108. 
18 BREGAMINI TM, BANDYK DE GOVOSTIS D, VETSCH R, TOWNE 
JB. Identification of Staphylococcus epidermidis vascular graft 
infections: a comparison of culture techniques. J Vasc Surg 1989; 
9: 665-670. 
19 O'BRIEN T~ COLLIN J, Prosthetic vascular graft infection. Br J Surg 
1992; 79: 1262-1267. 
20 BHAT DJ, TELLIS VA, KHOLEBERG WI, DRISCOLL B, VEITH FJ. 
Management of sepsis involving expanded polytetrafluoro- 
ethylene grafts for hemodialysis access. Surgery 1980 (April): 
445-450. 
21 MASSELOT J, BONNAUD PH, CIANCIONI C, CLAUDE J, ZINGRAEE 
Z, CROSNIER J. Blood access in haemodialysis: long-term results. 
Proc EDTA 1977; 14: 633-634. 
Accepted 15 January 1998 
Eur J Vasc Endovasc Surg Vol 15, May 1998 
